and to define more clearly the motor responses that can be elicited by local hypothalamic warming in the anesthetized animal (3, 4) 
METHODS
Female mongrel dogs were prepared for implanting thermodes by a method described by Lilly (IO). Two rows of sleeve guides (6 guides in each row) were driven through the skull. Each guide was placed on a mandrel which was inserted in a director attached to the vertical rack of a stereotaxic instrument. While the dog was under general anesthesia, the guide was positioned with suitable coordinates and then driven through the skin, connective tissue, muscle and skull. After each guide (I 8 gauge thin wall stainless tubing 8-1 o mm long) was driven through the skull, the mandrel was withdrawn and the skin was pulled over the upper end of the guide which remained 2-3 mm above the top of the skull. The two rows of guides were placed 4 mm on each side of the mid-line and the guides were spaced 3 mm apart in each row. The stereotaxic coordinates for the pair of guides in the number 3 position (fig. I) were chosen so that this pair would straddle the anterior hypothalamus.
On the day of an experiment (from I week to 6 months following guide implantation) three pairs of thermodes were passed through the skin, sleeve guides, dura and brain substance to the base of the skull and then retracted I mm. A local anesthesia (I ml of I % procaine hydrochloride) was administered subcutaneously over the region of the guides in order to press the thermodes through the skin above the guides without pain. The animals showed no overt reaction to this procedure, and no hyperpyrexia was produced by the implantation of for t hermodes the needle thermodes.
Thus, the needles must not have penetrated the areas of the corpus striatum described by Ott (I I), Barbour (I) and others (I 2, I 3) as producing this reaction.
The thermodes were made of 2o-gauge thin wall stainless steel tubing 5 1-55 mm long and sealed at the bottom end with a ~-mm rounded plug of the same metal. In order to serve as electrodes for electrical stimulation and radio frequency heating as well, the thermodes were enameled along the entire length except of 3 mm next to the tip. Four polyethylene catheters (PE IO) leading from the upper chamber of a small water circulator (fig. I) were next inserted into two pairs of the implanted thermodes and passed to within 2 mm of the bottom. The larger polyvinyl catheters from the lower chamber were then pressed over the upper end of each thermode which were thereby sealed.
As shown in figure  I , the water chambers were mounted on a skull cap which rested on the head and was held in position with strips of adhesive tape passing under the chin. Water flowed through the upper chamber under pressure and at a high rate from a constant temperature bath. The water temperature in the chamber was measured with the thermocouple as indicated in figure I. Water flowed from the upper chamber through the PE IO catheter to the bottom of the thermode, and then outside the catheter inside the thermode and thence through the polyvinyl catheter to the lower chamber which was connected to a vacuum line. The total flow through the four thermodes was about 30 ml/ min. Although it is not possible to place thermocouples in the thermal field of the four thermodes and expect the measured temperature to represent the thermal stimulus to which the animal responds, the hypothalamic temperature was measured by thermocouples inserted to the bottom of the third pair of implanted thermodes which were 3 mm rostra1 or caudal to the two pair of active thermodes.
To obtain some idea of the temperature distribution in the brain, a mock-up was constructed with four thermodes implanted in gelatin with the same spacing as in the brain. Thermocouples were arranged in the thermal field in order to characterize roughly the temperature pattern in the field. With water circulating through the thermodes at 5.3OC above the ambient gelatin temperature, a thermocouple centered in the array of four thermodes measured 3.4OC above ambient temperature, a pair of thermocouples placed I .5 mm behind the back pair of thermodes each measured 3.2 "C above ambient temperature, a pair of thermocouples placed 3 mm ahead of the front pair of thermodes measured 2.3O and 2.4'C above ambient temperature and a thermocouple placed 6 mm ahead of one of the front pair of thermodes measured 1.4Oc above ambient.
All of the above thermocouples were at the level of the end of the four thermodes. At a level of about 7 mm above the end of the thermodes, the temperatures were found to be about 0.4'C higher than at the lower level. Thus, with the four-thermode arrangement it was possible to change the temperature On the other hand, at the time the dog had stopped shivering all the skin temperatures on the trunk were 0.5-1 .o"C higher than the precooling. This elevation of skin temperature of the trunk was associated with the storage of body heat from shivering.
Immediately after the hypothalamic cooling ended, the skin temperatures of the extremities rose rapidly (within 6 min.) to 36°C or more due to a vasodilatation and a greatly increased flow of blood to the periphery. The resulting redistribution of heat from the core to the peripheral tissue produced an initial rapid rate of fall of rectal temperature (greater than g"C/hr.) for the first few minutes following the period of hypothalamic cooling. Thereafter the rectal temperature continued to fall at a decreasing rate. High skin temperatures and a high respiration rate both contributed to the excess of heat loss over heat production during this period. However, no frank panting was observed at this time.
Another period of heating the hypothalamus followed a 4o-minute period of no stimulation ( fig. 5) In the neutral environment maintained in this study, no drive for shivering could have originated from the skin. The fact that frank shivering diminished and disappeared after 50 minutes of continuing hypothalamic cooling does not negate this interpretation of the results. The increased production of heat by shivering slowly increased both the core temperature and the skin temperature over th e trunk so that increasing inhibitory drives (warmth) were coming from the skin (except from the extremities) and possibly from the core outside the hypothalamus.
It appears also that although the effects of warmth and cold stimulation of the hypothalamus are mutually inhibitory they are not completely so, as both shivering and panting can be simultaneously stimulated by alternating the warming and cooling sufficiently rapidly.
One troublesome fact must be mentioned. On one occasion, on March 20, the same dog as studied above appeared to be much less responsive to thermal stimulation and for no reason that could be found. Circulating 32OC water in thermodes in positions 3 and 4 produced no frank shivering, and only a moderate rise in rectal temperature and fall in the average of eight skin temperatures. Circulating 25'C water did elicit some shivering and a rising rectal temperature but the animal was very restless and irritable.
On the same occasion, the animal was only slightly responsive to r-f diathermy applied to electrodes in position 3. Only a trace of panting was noted although the respiration rate was two to four times the normal rate. On no other occasion, before or after, was this dog so unresponsive to thermal stimulation (see figs. 2 and 3, 4 and 5) .
Another limitation of our method of direct thermal stimulation is that it is not suitable for sharp localization of the sensitive areas of the hypothalamus.
The animal was most responsive to cooling with the thermodes in positions 2 and 3 or 3 and 4 and did not respond with
